In this study, the impacts of marine aquaculture facilities on the environment were evaluated. For this purpose, sea water and sediment samples were collected at two stations which are near by the fish farm where sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax) are grown in net cage in vicinity of Karaburun Penunsula in monthly period between December 2004-November 2005. Physico-chemical variables (temperature, salinity, pH, dissolved oxygen, secchi depth) and nutrients (nitrite, nitrate, ammonium, phosphate, silicate) in the seawater samples and organic carbon (%), amount of burnable substances (%) in sediment samples were investigated. The results were below the detection limits-0.24 μg-at/L for nitrite-N, 0.04-0.80 μg-at/L for nitrate-N, 0.15-1.70 μg-at/L for ammonia-N, below detection limits -0.32 μg-at/L for phosphate-P, 0.11-6.35 μg-at/L for silicate, 1.22-11.81 (%) for organic carbon and 4.36-28.11 (%) for amount of burnable substances.
Introduction
Global demand for aquatic food products is increasing, the production from capture fisheries has levelled off, and most of the main fishing areas have reached their maximum potential. Sustaining fish supplies from capture fisheries will, therefore, not be able to meet the growing global demand for aquatic food (Anonymous, 2006) . In recent years, aquaculture production has been rapidly developing in all over the world (Silvert and Sowles, 1996; Karakassis et al., 2000; Tovar et al., 2000; Sàra et al., 2004) . This development has been balancing decreasing natural fish reserves. Further, aquaculture carries weight with healthy and balanced diet (Güven and Şener, 2005) .
More than 220 species of finfish and shellfish are farmed; the range includes giant clams, which obtain most of their nutrients from symbiotic algae; mussels, which filter plankton; carps, which are mainly herbivorous; and salmon, which are carnivorous (Naylor et al., 2000) .
Development of aquaculture industry generates profit and income, but it also bears risks of negative environmental impacts which are discharge of untreated wastes into coastal waters, landscape modification, harmful genetic interactions with wild fish, transfer of parasites and diseases, displacement of wild fish populations, use of chemical and antibiotics or biodiversity change (Tovar et al., 2000; Weber, 2003) .
Turkey with 8333 km coastline and 25 million hectare utilizable sea water has a bright future for marine aquaculture. The sea which is semi-closed geographical position has different biological, physical, chemical and ecological characteristics. There is a great potential for aquaculture development in Turkey. Sparus aurata is first cultured finfish species in Turkey. (Deniz et al., 1997; Deniz, 1999) .
In order to reduce the negative impact of aquaculture, several countries arranged some policies, regulations and legal directives which include environmental monitoring studies (Dosdat and De La Pomelie, 2000; Fernandes et al., 2000; Jonsson, 2000; Maroni, 2000; McMahon, 2000; Papoutsoglou, 2000; Rosenthal and Hilge, 2000; Sánches-Mata and Mora, 2000; Varjopuro et al., 2000; Costello et al., 2001; Lee et al., 2003; Read and Fernandes, 2003) .
The aim of this study was the monitor probable impacts of marine aquaculture farm produced Sparus aurata and Dicentrarchus labrax on water column and sediment in vicinity Karaburun Penunsula. In this way, negative impacts for public health and environment were determined. Therefore, this study will lead the way to all aquaculture society and legislators.
Material and Methods
The impact of marine aquaculture on water column and sediment was studied in the Gülbahçe Bay in the Karaburun Peninsula in Izmir (Turkey, Eastern Aegean Sea). In the region (Fig. 1) , a cage station (Gülbahçe Cage Station -GBC) and a reference station (Gülbahçe Reference Station -GBR) are determinated. Sea bream and sea bass were produced in marine cages in the farm that was located at a distance no less than 100 m from the shore. Total annual production of the farm was 1000 tonnes. showing the study area.
Posidonia sp., P. oceanica and Zosteria marina were observed under the cages by Koçak and Katağan (2005) .
Yücel Gier et al. (2004) reported that mean current velocity was 5.01 cm/s in the winter season and 5.49 cm/s in the summer season, furthermore current direction was east to west in the winter season and both west and east in the summer season in the area.
The water and the sediment samples were collected monthly during December 2004 -November 2005 at 2 stations. The water was filled from the surface (about 0.3 m depth) and the bottom (about 1 m above from the bottom) in the polyethylene bottles. Water and sediment samples were brought back to the laboratory and processed within a few hours.
All ionic nutrient, salinity, organic carbon (%) and amount of burnable substances (%) analyses were conducted in the Ege University Fisheries Faculty Water Chemistry Laboratory. Dissolved nitrite, nitrate, ammonia, phosphate and silicate are quantified on a spectrometer that is Spectronic 21 trademark (Strickland and Parsons, 1972; Parsons et al., 1984) . Salinity was determined using the Mohr-Knudsen method.
Temperature was measured by using a graduated lab thermometer and pH with a Orion 420 A in situ. Dissolved oxygen (DO) was determined using the Winkler method.
Modified Walkley-Black titration method was used for organic carbon determination in the sediments (Gaudette et al., 1974) . Amount of burnable substances of the sediments were determined as the percentage of weight loss by ignition (600°C) for 2 hours and then obtained values were calculated by following formula (Egemen, 2000) .
The SPSS 11.0 statistical package was used to perform attained data.
Results and Discussion

Physico-chemical parameters
Measured values for the water temperature changed between 13.5 -31.0 ºC in the Gülbahçe Bay. All of the stations are alkaline-slightly alkaline type with 8.29 and 7.92 pH values. The salinity ranged between 33.93 -39.78 psu in the stations. Surface concentration of the DO varied from 6.00 -9.20 mg/L for the Gülbahçe Bay. Bottom concentration of the DO varied from 6.80 -9.60 mg/L for the Gülbahçe Bay (Table 1) . Any statistical significant difference was not detected for the water temperature, pH, the salinity and the DO between cage and reference stations in the region (p>0.05).
The secchi disc depths had the maximum score (14 m) in the GBR and the minimum score (4 m) in the GBC. Statistical significant differences were detected for the secchi disc depths between the GBC and the GBR (p<0.05). The secchi disk depths are given Figure 2 .
Nutrients
Nitrite-N concentration in the Gülbahçe Bay did not exceed 0.24 µg-at/L at any time during the study. Nitrite-N concentration reached the maximum values of 0.24 µg-at/L in the GBR in December. Minimum nitrite-N concentration was not detected because it was below the detection limits. Statistical significant differences were detected for the concentration of nitrite-N between the GBC and the GBR (p<0.05).
Nitrate-N concentration was detected between 0.04 µg-at/L in the GBR in December and 0.80 µg-at/L in the GBC in May. Any statistical significant differences were not detected (p>0.05).
Minimum ammonia-N was 0.15 µg-at/L in the GBC in January. The concentration of ammonia-N reached the maximum of 1.70 µg-at/L in the GBC in June. Statistical significant differences were detected for the concentration of ammonia-N between the GBC and the GBR (p<0.05).
Phosphate-P concentration did not exceed 0.32 µg-at/L at any time during the study. The minimum phosphate-P concentration was not detected because it was below the detection limits. Any statistical significant differences were not detected (p>0.05).
Minimum silicate concentration was 0.11 µg-at/L in the GBC in June and in the GBR in August. Silicate concentration did not exceed 6.35 µg-at/L in the GBR in January. Any statistical significant differences were not detected (p>0.05)
The Organic Carbon and the Amount of Burnable Substances
The concentration of organic carbon was measured minimum at 1.22 % in the GBR in November, maximum 11.81 % in the GBR in January and the amount of burnable substances was measured minimum 4.36 % in the GBR in December, maximum 28.11 % in the GBR in March in the sediment samples. Any statistical significant difference was not detected for the concentration of organic carbon and the amount of burnable substances (p>0.05). The water temperature is important for living organisms in aquatic environment (Egemen, 2006) . Huge differences were not detected between cage and reference stations (p>0.05) and normal seasonal variation was observed. An investigation that was studied by Aksu (2005) in Gülbahçe Bay indicated similar results for the water temperature (p>0.05).
pH of the ocean and sea water was generally between 7.5-8.4 (Geldiay and Kocataş, 1998) . Measured pH values were within this limits and showed small variations.
The salinity is approximately between 33-39 psu in the Aegean Sea (Poulos et al., 1997; Friligos and Krasakopoulou, 2001) . Measured salinity values were in these this limits and showed a bit seasonal variatiations. In an investigation that was studied by Ak and Hoşsucu (Ak and Hoşsucu, 2001 ) the salinity was detected between 36.15 -38.61 psu in the same region.
The DO values are below the optimum level of 5.0 mg/L during tides with the high organic loading from fish wastes and excess feeds (Jacinto, 2006) . This value was accepted to critical DO level in sea water by Dirican (2005) . Detected DO values were not bellow 6.0 mg/L in the study area.
The secchi disc depth is an indicator of relative primary production and pollution levels in the marine environment (Ergen et al., 2006) . The secchi disk depth in the GBR was observed higher than the GBC (p<0.05). This result is probably due to the fish farming activities (fish feces, fish feed). Finner particulates lead to increased turbity in the vicinity of fish farms (Silvert and Sowles, 1996) . 300.000 kg x 1.8 (FCR)/year feed draw into the study area.
Nutrient levels in clear and polluted seawater are shown on the Table 2 . According to the Table 2 , the seawater in this study has poor character for phosphate-P and silicate and weak for ammonia-N. The fish farm and their effluents are probably responsible for the poor water quality observed. But, only ammonia-N in this three inorganic nutrients was observed higher in the GBC than the GBR (p<0.05).
Carbon and amount of burnable substances are the most important indicators for the pollution in marine sediments (Aydın and Sunlu 2004; Sunlu et al., 2005) . The organic matter generated is likely to be found scattered over a wide "action zone" surrounding the farms, rather than directly under the cages (Maldonado, 2005) .
Probably the current system in the area was caused similar effect for phosphate-P and silicate on GBC and GBR in this study.
Conclusions
The results from the area indicated a substantial increase in organic carbon, in the amount of burnable substances and the concentrations for each of the three inorganic nutrients (phosphate-P, silicate and ammonia-N). The source of the dominant nutrient input and organic enrichment in the area was possibly due to the fish feed and fish excretion.
Coastal water has much more variable water quality and anthropogenic activities affect easily on it.
Lack of heavy industry facilities and urbanization in the area leads to the conclusion that nutrients and organic load are built up due to the fish farming activities, mineralization and the effects of wind and water movements.
